In order to compare the strengthening effect of various high polymers on the elasticity of the kamaboko from Alaska pollack frozen surimi, the textural parameters of the kamaboko added with each of them were measured. The high polymers examined were as follows: 1) agar powder, 2) k-carrageenan, 3) cellulose powder, 4) chitin from crab shells, 5) corn starch, 6) egg albumin, 7) gelatin powder, 8) lignin, 9) methyl cellulose, 10, 11) isolated soybean proteins Al and A2, and 12) wheat gluten, where the soybean protein A2 was the heat-denatured product of the soybean protein Al. The textural parameters were determined by the dynamic visco-elasticity test, punctual test and expressible water test. The relatively effective high polymers were 1, 2, 5, 6, 10, 11 and 12.
The effect of gelling substances, such as starch, egg white and vegetable proteins, on the elasticity of kamaboko has been studied by many workers.1-5) However, there is scarce report of the comparative study of the effect of the various gelling substances on the different textural properties of the kamaboko, which is necessary for the elucidation of the mechanism of their gelstrengthening action. In this paper, we describe the effect of twelve sorts of hydrophilic high polymers on the textural parameters of the kamaboko, such as dynamic visco-elasticity, punctual property, and water holding capacity.
Materials and Methods
High polymers examined were as follows: agar powder (Wako Pure Chemicals, 1st grade), kcarrageenan (Ina Shokuhinkogyo), cellulose powder (Nakarai Chemicals, chemical grade), chitin powder from crab shells (Nakarai Chem., chemical grade), corn starch (Nihon Syokuhinkako, Nisshyoku corn starch), egg albumin (Nakarai Chem., crude powder), gelatin powder (Wako Pure Chem.), lignin (Nakarai Chem., 1st grade), methyl cellulose (Nakarai Chem., chemical grade, 13-18 cps), isolated soybean proteins Al and A2 (Ajinomoto, ISP-Al and ISP-A2), vital wheat gluten (Glico Eiyo Shokuhin, A-glu Fl). The isolated soybean protein A2 was the heatdenatured product of the soybean protein Al. Especially, in the case of k-carrageenan and gelatin, their coagulum was heterogeneously dispersed within the cooled kamaboko, when a large amount of them was added (above 8%). Fig. 2 shows the results of compression puncture test. The breadking strength of the kamaboko was increased by the addition of almost all the high polymers except for methyl cellulose. Agar and k-carrageenan were especially remarkable among them. The breaking strain was also increased by agar, corn starch and wheat gluten, but reversely decreased by cellulose, egg albumin, lignin and methyl cellulose. Fig. 3 shows the effect of the added high polymers on the amount of the expressible water of the kamaboko. The amount was remarkably decreased by agar, k-carrageenan, corn starch, egg albumin, soybean proteins A1 and A2, but not decreased by cellulose, chitin, gelatin, lignin and methyl cellulose.
Discussion
For each gelling substance, there would be the peculiar condition, such as water content within the shio-surimi and heating temperature, under which the gelling substance brings about the highest gel-strengthening effect. In this experiment, however, the effect of every high polymer was compared under the same condition. Therefore, its relative effect can not be simply evaluated. Moreover, the same amount of water was uniformly added to the surimi (30%) irrespective of the sort and amount of the added high polymer. The water content of the resulting kamaboko was decreased with increasing in the amount of the added high polymers, as a result, the kamaboko may be strengthened. Nevertheless, as shown in Figs. 1-3 , each high polymer showed characteristic gel-strengthening effect.
In the high polymers examined here, agar, kcarrageenan, cellulose, chitin, corn starch and methyl cellulose are the polysaccharides and the others except for lignin are the proteins, all of which are more or less hydrophilic. As well known, the sensory evaluation value of the kamaboko shows a positive correlation with the breaking strength, breaking strain and gel strength (the product of the breaking strength and breaking strain) but a negative correlation with the amount of expressible water.7-8) Furthermore, it has been found that a linear relationship exists between the gel strength and storage modulus.9) The loss modulus showing the viscosity of the sample is known to be higher for the elastic kamaboko.
Considering the above results and such the correlation between the textural parameter and sensory evaluation value, agar, k-carrageenan, corn starch, egg albumin, soybean proteins A1 and A2, and wheat gluten seem relatively profitable. Therefore, the gel-strengthening action may not be merely due to their water holding action, because hydrophilic cellulose, lignin and methyl cellulose did not decrease the expressible water contrary to the expectation. On the other hand, the above profitable high polymers are classified to two different groups in the gel-forming ability, that is, the former three polysaccharides form a thermo-reversible gel on heating with water, while the latter three proteins form a thermocoagulating gel. Especially, as to the latter, it is considered that the heat-gelation of egg albumin10) and soybean protein11) is closely related to the hydrophobic interactions which have been proved to play an important role also in the gelation of the shio-surimi.12) Some mutual interaction may be induced between the fish muscular proteins and the above proteins on heating their mixture. Elucidation of this problem is now in progress with reference to the above results.
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